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ABSTRACT 


Two hundred and five spontaneous mutants of Esecherichta colt 
resistant to the methionine analogue ethionine were isolated. These 
mutants were screened for the presence of amber mutations by lyso- 
genization with $80psu3" . Forty-one of the mutants became ethionine- 
sensitive in the presence of the amber suppressor, and were classified 
as presumptive amber mutants. 

Transduction mapping with phage Pl revealed three distinct 
classes among these amber mutants. The first class consisted of 
metd mutants. They were all closely linked to the metB gene and 
displayed significantly derepressed levels of 8-cystathionase (5-14 
fold) and ATP:L-methionine S-adenosyltransferase (2-3 fold), thus 
confirming that the metd gene product is involved in repression of 
methionine biosynthesis. Of the ten presumptive amber metd mutants, 
three (65a, 89b, and 93b) showed wild type enzyme levels in the 
presence of the amber suppressor. The existence of these mutants 
provides clear evidence that the metJ gene product is a protein which 
acts to repress methionine biosynthesis. One of the metJ amber 
mutants (65a) was found to be trans-dominant in the presence of a 
wild type metJ allele, indicating that the repressor protein is 
probably oligomeric in structure. 

The second class included the metK mutants, all of which 
were cotransducible with the serA locus and showed low ATP:L-methionine 
S-adenosyltransferase activity. In most of the metK mutants the 


reduction in ATP:L-methionine S-adenosyltransferase activity was 
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accompanied by a 2-3 fold increase in the levels of g-cystathionase 
indicating that either the metK enzyme itself, or the product of its 
enzymatic reaction (sS-adenosylmethionine) participates in methionine 
regulation. Presence of the amber suppressor restored normal levels 
of ATP:L-methionine S-adenosyltransferase in four of these mutants. 
The residual metK enzyme activity in two amber mutants vtz., metK1152 
and metK1168 in the absence of the suppressor was only 2% or less 
and yet their growth rates appeared to be unaffected. This seems 

to suggest that either there is an alternate route for the synthesis 
of S-adenosylmethionine, or that a different donor is available for 
methylation. 

To the third class belonged mutants whose ethionine- 
resistance did not appear to be directly related to methionine 
regulation. These mutants did not map at the metJ or metK loci and 
their levels of 8-cystathionase and ATP:L-methionine S-adenosyl- 
transferase were not appreciably affected. The methionine transport 
system as well as the extent of RNA methylation appeared to be normal. 
Most probably ethionine-resistance in these mutants is caused by 
degradation or modification of the analogue rather than by acquisition 


of a defect in regulation. 
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INTRODUCTION AND LITERATURE REVIEW 


The conceptual framework for studies on the expression of 
structural genes and the regulation of this expression was provided 
by the operon model of Jacob and Monod (1961). The basic features 
of this model involve the presence of a cluster of genes controlling 
related functions, which are transcribed as one polycistronic messenger 
RNA and are regulated together. The regulation of the operon is 
accomplished by two elements, the first one being the regulatory 
signal (repressor and/or activator) produced by one or more genes 
not necessarily adjacent to the structural genes, and the second - 

a site upon which the signal acts (the operator) located at the 
beginning of the operon. The affinity of the repressor or activator 
molecule for its operator site would be influenced by the presence 

of either the metabolic end product or the substrate, thus explaining 
the well recognized phenomenon of genetic adaptation. 

This model was based mainly on the evidence from 
studies of lactose utilization in Eschertchta colt. However, its 
broad applicability (with slight modifications) to a variety of anabolic 
and catabolic systems in peat és has been widely documented. 
Systems that apparently do not conform to the operon model because of 
lack of linkage of the functionally related genes still fulfil its 
major criterium of being regulated together by a common controlling 
element. This element must now interact with individual recognition 
sites (operators) located adjacent to each structural gene, and since 


the affinity of the repressor for these sites may not be the same, 
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non-coordinate regulation is expected. 

The study of regulation of gene expression originated and 
developed with the isolation of regulatory mutants. It is because of 
these mutants that the involvement of various controlling elements and 
the sites of their action could be recognized. Since according to the 
original Jacob-Monod model the regulatory elements would have no other 
function in the cell, some of the regulatory mutants would not produce 
an easily recognizable phenotype and therefore they would be difficult 
to detect. A method for the identification and characterization of 
regulatory genes using metabolite analogues was first introduced by 
Cohen and Jacob in 1959. The mutants of F£. coli that they investigated 
were resistant to 5-methyltryptophan, contained elevated levels of 
tryptophan biosynthetic enzymes, and mapped outside of the tryptophan 
Operon at a locus which is now referred to as the structural gene for 
the tryptophan repressor (trpR). The same analogue was used by Moyed 
(1960) to obtain different kinds of regulatory mutants which became 
insensitive to feedback inhibition by tryptophan, overproduced the 
metabolite and mapped in one of the structural genes. The regulation 
of histidine biosynthesis in Salmonella typhtmurtum was also elucidated 
using various histidine analogues. Triazolealanine was used to select 
mutants derepressed for histidine biosynthesis which mapped in several 
loci, all of which were shown to participate in formation or modification 
of histidiny1-tRNA!S, thus implicating this molecule in repression 
(Roth and Hartman, 1965; Roth et aZ., 1966). Mutants unable to carry 


out normal regulatory functions were also isolated in the arginine 


system employing the structural analogue canavanine which competes with 
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arginine in protein synthesis (Maas, 1961). These mutants were shown 

to have elevated levels of arginine biosynthetic enzymes and to be 
insensitive to both arginine and canavanine repression. These are just. 
a few examples of the extensive use of analogues in the investigation 

of the genetic and biochemical mechanisms of regulation. A comprehensive 
review of this subject can be found in an article by Umbarger (1971). 

The regulation of methionine biosynthesis has also been 
investigated with the aid of analogue-resistant mutants. Since 
methionine is involved in several different metabolic activities such 
as the initiation and assembly of proteins, as donor of the propylamine 
moiety in polyamine biosynthesis, and as the principal methyl donor 
via s-adenosyl methionine, the regulatory mechanism for its biosynthesis 
would be expected to be more complex than that for other amino acids. 

A detailed review of the genetic and biochemical aspects of methionine 
biosynthesis has been published by Smith (1971). The essential features 
of this biosynthesis are outlined below. 

Six structural genes participate in the conversion of homo- 
serine to methionine (Fig. 1). These areclustered in non-contiguous seg- 
ments on the £. coli chromosome (Fig. 2), metA and metH being located 
at 79.5 min, metB and metF at 78 min, metC at 55.5 min, and met# at 
75.5 min. 

The first specific precursor of methionine, O-succinylhomoserine, 
is formed from succiny]l-CoA and homoserine by the enzyme O-succinyl- 
homoserine synthetase (metA). The next enzyme, cystathionine-y- 
synthetase (metB) catalyzes the replacement of succinyl group by cysteine 


to give cystathionine. Purified metB enzyme has been found to consist 
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Figure 2. 


Linkage map of £. colt showing the location of 
the structural and regulatory genes of methionine 
biosynthesis. Broken lines indicate approximate 


locations of the genes. 
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of four identical subunits each with a molecular weight of 40,000. 
Cystathionine is then hydrolyzed to homocysteine by the metC enzyme, 
B-cystathionase. The methyl group donors for the methylation of 
homocysteine to methionine are synthesized by the enzyme 5,10-methylene- 
tetrahydrofolate reductase (metF) and the actual methylation of homo- 
cysteine is carried out by either the vitamin B,5-independent trans- 
methylase (metz) or the B,,-dependent enzyme (met#H). 

Once methionine is formed in the cell it will serve either 
in protein synthesis or in the synthesis of S-adenosylmethionine (SAM). 


Met. methiony1- 


The enzyme which aminoacylates the two species of tRNA 
tRNA synthetase, is coded by the metG gene. The formation of S-adenosyl- 
methionine from methionine and ATP is catalyzed by ATP:L-methionine 
S-adenosyltransferase (also referred to as the metK enzyme). The 
function and properties of this enzyme are described in review articles 
by Lombardini and Talalay (1971) and by Mudd (1972). The S-adenosyl- 
transferase from Z. colt cannot utilize the methionine analogue, 
ethionine, as a substrate, unlike the yeast and rat liver enzymes. 
The principal metabolic functions of S-adenosylmethionine are partici- 
pation in polyamine biosynthesis (Tabor et aZ., 1961) via decarboxylated 
SAM, and in various transmethylation reactions (Cantoni, 1965). 

As in many other biosynthetic pathways, synthesis of 
methionine biosynthetic enzymes is repressed by the addition of the 
end product of the pathway. This repression has been shown to be non- 
coordinate in both S. typhimurium (Lawrence et aZ., 1968) and £. colt 
(Holloway et aZ., 1970). The regulation of methionine enzyme levels was 


first investigated in S. typhimurium by Lawrence et al. (1968). Three 


my? 


wae ,e el 
~ ve e's 


Fa S40 740 V5 IMOS 


| 19 
afen andes 19ga%¢ zatevao? Fup in : 


T, _ 


Ks , 
on ‘ght wi aaboszqaonod o4 favoys oes a 
é py < .) th! ~~ * + i.” ¥ 
—> r ; 
- - : an ty aT ~ ri i! i 3 oi 
oO 1 Fs ¢! cna ain. ot? “HEY 2 10nev qHew ya alt ant ‘ ee 
> see beat ees ax Si RO Mae ot seit 
q 2 mr Pee “= st wi7 iV ; oe ee rm! ¥%< - 
ire —*, | ad = 
bs a! Tes ¢ Ans . (5 a.) eznjaybon sastorenbyle 
~ouon To Noirs am. 1&3 55.° ‘ BS he 
; diy sag rattle yo Sea werne et 4 
senett 3% bitke<« S HeSS : ' 
oa) ety 
s vil catne trebnagsb-—< 18 ais °-10: ys 
> 
[fiw fax att nm begin? 21 entnanteoe 3 ee 
aye Std nf AG shaenee ats 
‘ anTaotag YZonsve- Wye SNP NT - ™ Ne i) dite! 
WM na, . 29dK1v26 ert Hotty sangsn 
ng ‘ ar y \;, a 
‘oe on 1 
sir af vd-bebss at LO BpFaItiM 2 
3 Oo. OTose . . a 
4 S — + 
. ben onragotson MOTT See NOT as 
mn"g , yh ; os 
a! 2 tee ameres 1M — 
‘ - 7  { pats Tt 
' . - 
ae , his 
fatine waive ut bodiaoac! 2 y 2s’ Yo’ es CnogerNe ah 
1 Jf a=: nS ; ~ An | - - 
sénabeet ant .(S0Ri) bout yo t oFe let kes eta 
~ ae —__ —<# i 
b oe 4a faatre Oe 2 1 
eOlpe Paws SA TNO TEAM IS OST ET : is , 
it * ie iva i ! be J i, a ¥ a ty) F tart ak ni “jodve ee 


bw 


oe) 


~(5t3 7164 
ace 46 eety2 


(13e 


~ {2 ek... ines a) ‘aadtt ssa aul: 


t & Pes 


nel yy wittexab B PY 


estore yeaa \2 yaa | per F eases Ries 


> = ae 
sadeingal (as tt 


yas Le eee 


genes (metI, metJ, and metK) were found to be altered in mutants resis- 
tant to the methionine analogues ethionine, a-methylmethionine, and 
norleucine. 

The metI mutants which were resistant to a-methylmethionine 
and ethionine were found to map within the metA gene coding for the 
first biosynthetic enzyme. It has been demonstrated by Lee et al. 
(1966) that the metA enzyme is subject to strong cooperative feedback 
inhibition by methionine and s-adenosylmethionine. Thus it appeared 
that the metI mutants were feedback-insensitive and since no comple- 
mentation between them was observed (Smith, 1971), it was concluded 
that the enzyme must consist of one polypeptide chain with regions 
determining the catalytic properties and regions involved in regulation. 
All of the metI mutants examined excreted methionine, but had normal 
levels of the biosynthetic enzymes and were subject to repression by 
methionine. 

The mets mutants were resistant to inhibition by ethionine 
and mapped close to the metB locus. They were shown to exhibit con- 
stitutive or derepressed synthesis of all the methionine biosynthetic 
enzymes and of the metK enzyme. Further studies (Su and Greene, 1971; 
Chater, 1970) of the nature of the mets mutations proved that this gene 
exerts its effect via a diffusible product since partial diploids hetero- 
zygous for the metJ allele were found to be repressible by methionine. 
Minson and Smith (1972) obtained mets mutants in Salmonella which were 
suppressible by amber-suppressor, thus suggesting that the metJ gene 
codes for a protein. However, their only criterium for suppression was 


the phenotype on medium containing ethionine and no enzyme activities 
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were reported. The metJ mutation has been found not to have any signi- 


ficant effect on the synthesis or modification of trna'let ( 


Ahmed, 1973); 
however, the free amino acid pool appeared to be affected (Clandinin and 
Ahmed, 1973). For instance, in some strains the level of threonine and 
histidine was increased tenfold as compared to the wild type. 

The third distinct class of regulatory mutants, metK, was 
resistant to ethionine, a-methylmethionine and norleucine. These 
mutants were shown to be defective in the S-adenosyltransferase (Hobson 
and Smith, 1973; Greene et aZ., 1970). Some of these strains had 
derepressed levels of methionine enzymes and excreted methionine, others 
were non-excretors and repressible by methionine. The non-excretors 
produced metK enzyme with an increased Km for mecha oaitel whereas the 
excretors most probably produced an entirely defective enzyme since 
formation of SAM was undetectable. One of the excreting metK mutants 
was found to have unusual characteristics (Hobson, 1974) in that it had 
normal levels of S-adenosyltransferase activity and complemented a 
number of other metK mutants. 

In view of these findings it appears that the metJ gene codes 
for a regulatory element (most likely a repressor protein) capable of 
recognizing operator sequences linked to the structural genes for 
methionine biosynthesis. The nature of the corepressor is still poorly 
understood but the evidence seems to indicate that either the product of 
the metK gene (SAM) or the metK enzyme itself is involved in repression. 
However, since bacterial ae are impermeable to SAM, it is not possible 


to obtain direct evidence. Also, the role of methionine in repression and 


the nature of its interaction with the aporepressor remains unresolved. 


i ny 
® -_ . 
; ae | 7 > 
: 7 ran ae | ’ j 
i] 
i; 
SW 
‘ - ery. 4 ‘ 4 LP, 4 oat 
wie. syd O¢ fon bapot gead Zen TOls Gry 's ; 


+ 


Sb. , . al 
- i ; ' / - i WP > 
ra i A. arm my op aed 41. hop sqnon? ae | enT te 
S) fw  & , 3. Le te ) Gi =e A bad ' i o 
. ‘ Ta : ‘> 
_ 7 ve 4 ee /- q 
; vrotsiuoey. * sta Soni tehh GVONs, ap 
tive ri 
; ae : 
’ 4 - athe ey 
s20r1 6 rh ae 
ib * ofl av Po ah oh OF Choke Siew 
t “Xt = % ie " -" « , 
eet + 
Snead cE Vet wit 
e > — 
ne ¢ - -" 4 
t : +7 6 ; ' ti TO 2 aval 
ae ‘ a, - v 
7 ‘ 4 
. ' Ee ia my 7 
; a7 vrrno rss {didcorgey (bre erage Takara: 
> YM ey ‘Ji sa ? » ’ ‘ “e 7 a 
as}? 
‘ oe ey E ent sat) hae>aoont af ATER any ane Sen ee 
~~ ’ s ’ x ‘ ‘ * : ¥ 
- « t li cde pa re 
F ene i ee ee P " 
4inh vioihMns ne bsovesag \idadowy Tat ee 
) j i » 4 - ad : i 4 


: 2 ae ae 
2 ‘ispoxel 6/400). oidetsesata Cen ine eee 


2A fal of 


tetinaahinkns Ge6 veivigas So1b4 aria tl permet ae 49 ‘Wl 


. Caner: party At salto 


_ 


‘ s - ~ ? a >) fy g ae | ard rs j yt f ay 
Bad awop Liu ant date feauqs fo enilbnl) Geant Ab viet a 
% elds (eregatg.19 “Oe; 4} 
"a geo Jrodlio 5 att? of, Geka 29904 
. a 
women Fite 2h VOpesgeiwes 98 Oo ayotar sti 


‘ oo) ied - GL wal a on if ge ‘ ) 
"HET an} ~2 nk? ts rugs Th sia hi 2S 4D , 


oneresettigon-at hovt 9 ; inte at Plage i sys sia he Ant 93 i 

“ghdteuat ton eh i ee ay ‘Bidesyerss ae 
" ‘ - > eth 

we Moka atoaneain Se) cial ? rap d 


i" so ii 7, 7 
a % uh 


eanns 


Consequently, it appeared desirable to re-examine the nature 
of methionine regulatory mutants with the hope that they may point to 
new, unrecognized genetic elements and reveal biochemical interactions 
not yet detected. For this purpose amber mutants resistant to the 
methionine analogue, ethionine, were isolated and studied. Ethionine 
causes growth inhibition probably because it is incorporated into 
proteins instead of methionine (Spizek and Janecek, 1969). Theoreti- 
cally different kinds of mutations could confer ethionine-resistance, 
such as (1) altered regulatory elements resulting in increased internal 
pools of methionine effectively competing with the analogue, 

(2) mutations leading to blockage in methionine utilization, thus 
causing accumulation of the metabolite, (3) altered methionyl-tRNA 


Net incapable of recognizing ethionine, (4) defective 


synthetase or tRNA 
uptake system, and (5) efficient degradation of the analogue. Since 
only amber mutants were selected they must have arisen in genes whose 
functions were dispensable and which coded for protein products. Also, 
if any of these genes were located within an operon or operons, polar 
effects would have been detectable. Especially important was the bio- 
chemical investigation of amber mets mutants since those reported in 
Salmonella were characterized on the basis of ethionine phenotype only, 
thus giving rise to speculations concerning the nature of the metJ gene 
product. Nevertheless, even the existence of amber mets mutants would 
not be sufficient to implicate the mets product as the repressor protein 
since the gene product may catalyze the synthesis of an active repressor. 


The isolation of amber metJ mutants, however, may aid in the eventual 


purification of the protein for use in an in vitro system to study 
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regulation. Only then could sufficient evidence be provided to 
elucidate the exact nature of the corepressor(s) and its interaction 


with the repressor. 
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MATERIALS AND METHODS 


Bactertal and phage stratns 

A list of the strains used is given in Table 1. All strains 
were derived from £. colt K12. Plutr, the generalized transducing 
phage, was obtained from Dr. A. Ahmed's collection. Phage ¢80psu3*su3h’, 


used for testing of amber suppression, was supplied by Dr. N. Franklin. 


Medta 

The minimal medium used was that of Davis and Mingioli as 
described by Roth (1970). Required amino acids were supplemented at a 
concentration of 20 mg/1 and thiamine HC] at a concentration of 10 mg/1. 


L broth was used as the complete medium. 


Isolatton of ethtonine-reststant mutants 

NR274 was used as the parental strain for isolation of 
ethionine-resistant mutants of the 7-100 series. Single colonies were 
grown to saturation in L broth and then 0.01-0.02 ml of the culture was 
spread with 0.1 ml pipette on a 1/8 sector of a glucose minimal plate 
supplemented with tryptophan and containing 3 g/1 of DL-ethionine. In 
this way eight different cultures could be spread on one plate. Plates 
were incubated at 37° for 48 hrs, after which time a few single colonies 
appeared along each streak. Two single colonies were picked from each 
culture (or sector of a plate) and taken through two single colony 
purifications on the same medium. Stocks of these mutants were main- 


tained on minimal medium with and without ethionine. It was observed 
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that mutants kept on L broth plates for few generations tended to lose 
their ethionine-resistant phenotype. 

Ethionine-resistant mutants of the 1016-1174 series were 
isolated from strain CSH4. Essentially the same method was used as that 
employed in isolating the mutants of the 7-100 series except that 0.1 ml 
of each overnight culture was spread on one plate containing 7 g/1 of 
DL-ethionine. Plates were incubated at 30° for 48-72 hrs, and one 
colony from each plate was taken for further purification. 

Each of the ethionine-resistant mutants came from a separate 
overnight culture to ensure that each represented an independent 


mutational event. 


Sereentng procedure to tdentify amber mutants 

Phage ¢80psu3” was used in screening for amber ethionine- 
resistant mutants. This phage carries suppressor tRNA" which 
efficiently suppresses the Zac and trp amber mutations in NR274 and CSH4. 

A lysate of this phage was spread on glucose minimal plates 
(lacking tryptophan) which were then streaked with the ethionine-resistant 
mutants and incubated at 30° for 24-36 hrs. If lysogenization had 
occurred, a thick growth on each streak was visible. Faint growth usually 
indicated lack of lysogenization and was probably due to the broth in 
which phage was suspended. Each lysogen was purified on minimal glucose 
plates and then tested for growth on lactose minimal medium. The mutants 
which simultaneously acquired lac” trp” phenotype were considered to be 


lysogenic for $80psu3” . Next they were tested for ethionine inhibition 


on minimal glucose plates containing DL-ethionine at 3 g/1 (NR274 mutants, 
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incubated at 37°) or 7 g/1 (CSH4 mutants, incubated at 30°). Growth was 
scored after 48 hrs of incubation. 

If the mutation leading to ethionine-resistance was of the 
amber type, presence of an amber suppressor would be expected to change 
the phenotype from ethionine-resistance to sensitivity. Therefore, 
those mutants which became sensitive to ethionine upon lysogenization 


were classified as amber ethionine-resistant mutants. 


Genette mapptng 
Generalized transducing phage Plutr was used for mapping 


according to the procedure described by Lennox and Yanofsky (1959). 


Selectton of spontaneous su" on dertvatives of ethtontne-reststant mutants 
Spontaneous su’ derivatives for some of the NR274 1-100 mutants 
were obtained by plating 0.1-0.2 ml of overnight cultures on lactose 
minimal plates, followed by incubation at 30° or 37° for 3 days. The 
only colonies that could grow were those with the lac” tro’ phenotype. 
Presence of su’ in these strains was confirmed using a T4 amber mutant 


which will give rise to plaques only on strains carrying amber suppressors. 


Domtnanee test 

The R2 strain was used as a recipient for transduction to metB™ 
by Plutr grown on several metJ 1-100 mutants. The met” transductants 
were tested for ethionine-resistance (cotransduction of metJ allele with 
metB” allele) and one ethionine-resistant transductant from each Pl lysate 


was purified. Next the R2 metJ strains carrying different metJ alleles 
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were used as recipients in mating with F'14 (AB1206). Spot mating was 
performed in which the donor was grown to early log phase and the 
recipients to mid-log phase. A drop of each recipient was placed on 
glucose minimal B,; plate. When the spots were dry a drop of the donor 
was pipetted on top of them. Confluent growth was obtained from each 
mating. The recombinants carrying F'l4 were purified by streaking for 
single colonies and twenty-five single colonies per mating were streaked 
On glucose minimal B, plates. These were then tested for resistance to 


DL-ethionine (3 g/1) at 37° and scored after 48 hrs of incubation. 


Testing for amber mutants tn the metK gene ustng polarity suppressor suA 
Strain Ma220zZv was transduced to ser’ with Pl lysates grown 
On metK1152 and metK1168. Transductants were scored for ethionine- 
resistance. Two ethionine-resistant (metK) transductants from each 
strain were purified. These were used as recipients in transduction to 
ilv’ with Pl grown on 333sud42. Two hundred ilv’ colonies per strain 


were purified and tested for ethionine-resistance. 


Growth of bacterta -for enzyme assays and preparation of cell extracts 

Cells were grown to stationary phase in 3 ml minimal medium 
containing the required amino acids. This culture was then transferred 
into 20 ml of the same medium and incubated overnight. The following day 
cells were harvested by centrifugation and inoculated into 200 ml of 
fresh minimal medium. After 3-4 hrs of growth, cultures were centrifuged, 
washed in saline, and stored at -40°. 


On several occasions this procedure was modified as follows: 
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5 ml minimal saturated cultures were centrifuged, inoculated into 50 ml 
fresh minimal medium and incubated until late log phase. 

For extract preparations, cell pellets were suspended in the 
appropriate buffer (depending on the enzyme assay to be performed), 
sonicated twice for 30 sec in ice, and then centrifuged at 31000 g 
for 30 min in a Sorval RC2-B centrifuge. These crude extracts were used 
directly without freezing in all enzyme assays. All enzymes except 
ATP:L-methionine S-adenosyltransferase were found to be stable for at 
least 24 to 48 hrs. 

Cystathtonine-y-synthetase was assayed by measuring the 
amount of a-ketobutyrate formed as described by Kaplan and Flavin 
(1966). The specific activity is expressed as decrease in absorbance 
at 340 nm per 20 min per mg protein at 37°. 

8-Cystathtonase was assayed by the procedure of Flavin (1962). 
The specific activity is described as increase in absorbance at 412 nm 
per min per mg protein at room temperature. 

5,10-Methylenetetrahydrofolate reductase was determined by 
the menadione-dependent back reaction described by Dickerman and 
Weissbach (1964). “The specific activity is described as nmoles 
formaldehyde formed in 30 min per mg protein at 37°. 

ATP:L-methtonine S-adenosyltransferase was assayed in the 
1016-1174 series mutants by the procedure of Tabor and Tabor (1971). 
The amount of enzyme per assay was from 50 to 100 yg protein. 
14C-Methionine (20 uCi/uM) at a final concentration of 175 uM per assay 
was used. The 14C-adenosylmethionine was separated from !*C-methionine 


by TLC in 95% ethanol, acetic acid, water (80:5:15) solvent and counted 
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in toluene-Omnifluor scintillation mixture. The specific activity is 
described as nmoles S-adenosylmethionine formed in 30 min per mg protein 
atwsho. 
The mutants of the 7-100 series were assayed using the same 
reaction mixture except the final concentration of !4C-methionine 
(5 uCi/mM) was 500 uM per assay and the extracts were prepared not in 
Nirenberg buffer (Nirenberg and Matthaei, 1961), but in 0.05 M phosphate 
buffer, pH 7.3. The radioactive product !4C-SAM was separated from the 
substrate !4C-methionine using BioRex-70 (50-100 mesh) resin according 
to the method described by Holcomb and Shapiro (1975) and modified by 
C. Somerville (unpublished). The specific activity is expressed as 
umoles S-adenosylmethionine formed in 20 min per mg protein at 37°. 
Protetn concentratton was estimated using Folin-Ciocalteu 


reagent or by Biuret reaction as described by Layne (1957). 


Methylatton assay 

Cells grown to stationary phase in L broth were used to 
extract bulk RNA. To 1 g of cells suspended in 2 ml buffer (0.001 M 
Tris at pH 7.4 containing 0.01 M Mg-acetate), 2 ml water-saturated phenol 
were added and agitated on shaker in ice for 1 hr. The mixture was 
centrifuged for 30 min at 30000 g and the aqueous layer removed. RNA 
was precipitated at -30° overnight by adding 0.1 volume of 20% potassium 
acetate and 2 volumes of 95% ethanol (at -20°). The precipitate was 
collected by centrifugation at 31000 g for 10 min and washed twice with 
cold 75% ethanol. After washing, the precipitate was dissolved in 0.2 ml 


water, centrifuged to remove undissolved material and stored at -20°. 
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The average yield of RNA was approximately 50-60 Asgo units per gm of 
cells. 

Preparation of methylating enzyme from strain CSH4 was carried 
out according to the method of Marinus and Morris (1973). 

Methyl-deficient RNA was prepared from strain X341 grown 
under conditions described by Fleissner and Borek (1966). 

The reaction mixture was that of Hurwitz and Gold (1966). 
8 uM (1 uCi) of (methyl-9H)-S-adenosylmethionine, 1-2 Asgo units RNA 
and 500 ug protein (methylating enzyme extract) were used per assay. 
The reaction was stopped by precipitation with cold 5% TCA (see 
Fleissner and Borek, 1966), filtered through Whatman GF/C glass fiber 
filters, washed with 5x5 ml 5% TCA and counted ina toluene-Omnifluor 
scintillation mixture. Methyl-acceptor activity of RNA is described 


as nmoles of methyl group transferred in 15 min per Aogo unit of RNA. 


Methtontne uptake assays 

Experiments were carried out according to the procedure 
described by Kadner (1974). The cell concentration was adjusted to 
Auoo Of 1.0, and viable counts were made. !*C-Methionine was used at 
a concentration of 0.8 uM (0.05 uCi) per assay. The rate of uptake is 


expressed as pmoles !4*C-methionine transported per 10° viable cells. 
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RESULTS 


Isolatton and classtficatton of amber mutants 
Forty-five independent ethionine-resistant mutants were 


isolated from strain NR274 HfrC EYP am lac Seventeen of them (38%) 


am* 
became ethionine-sensitive when lysogenized with ¢80psu3". This was 
the basis for their classification as ethionine-resistant amber 


mutants. In strain CSH4 F trp, Zac... one hundred and sixty 


am 
independent mutants were screened for amber mutations and twenty-four 
of them (15%) fell into this category. 

In order to determine the location of the amber mutants 
Plutr lysates for all these mutants were prepared and used to trans- 
duce strain AT2475 to serAy and HfrR1 to metB . The analysis of the 
transductants revealed three classes among the amber mutants. The 
metJ mutants belonged to the first class, the metK mutants belonged to 
the second class, and the third class consisted of mutants which were 
neither metd nor metK. None of the latter mutants were of the metI 


type since ethionine-resistance was not cotransductible with either the 


metA or the argH genes. 


metd amber mutants 

P1 lysates were grown on all of the mutants classified as 
amber ethionine-resistant on the basis of ¢80psu3™ test. Fifty metB” 
transductants ean each Pl lysate were purified and tested for resistance 
to ethionine. Table 2 lists the mutants identified as metg and gives the 


cotransduction frequencies between metB and metJ alleles and between 
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Strain 


wild type NR274 
metJ64b 
metdJd6oa 
metd71la 
metdJd72b 
metd/6a 
metd? 8b 
metdé 5a 
metd87a 
metd8 9b 


metJ93b 


TABLE 2 


Mapping of metJ mutants 


% cotransduction of 
ethionine-resistance 
with metB 


% cotransduction of 
ethionine-resistance 
with argH 


20 


ry 


J 
, *, ~~ i > 
4 pa 
eee Se 
5 


* 
r i ‘n4 * 4 e 5 i+i2°? Ati j 
ee we i 7 
c=u 
, 1- mMrospHnss | MG<e —Binhy 
= Ran - 
; ~ - EE — - aims 
a - = 
: G 
| 
Sd 
' . 
+> | 
ple - if / Cf 
' * 
rs j x Ps oo) 
» 2 - a 
es a , ie va 
- ’ th ie 
> x Her Sot a 
“ ; 
: — \ i 7 
: i, - bY poeta 
r j | ‘4 i 
4. mn 
1 ¥ » a 
. | 
j by | 
; a) t = i ne 
i a cs ; 
' : ] 
A Y A 
»3 r 
; ¢ 1< & 1 Cy 4X 
‘ a 
. - 
| i . on a ~ re -y 
i - . . of hej ae as La wo dc ; 
-: ' ; ’ a a 
ee ee Se ey Cae er oan Gamera: amen ae : 


21 


argH and metJ alleles. All of the mets mutants were found in the 1-100 
series derived from strain NR274. 

Previously metJ mutants have been shown to exhibit derepressed 
levels Frnethionine biosynthetic enzymes. In order to confirm the 
mapping results, each of the mutants was assayed for g-cystathionase and 
ATP:L-methionine S-adenosyltransferase activities in both the suppressed 
(¢80psu3* lysogens) and unsuppressed state. As presented in Table 3 
all of the strains tested showed constitutive synthesis for both enzymes 
in the absence of the suppressor. Contrary to expectations, most of the 
suppressed mutants still showed elevated levels of enzymes even though 
they had become fully ethionine-sensitive. Only three strains (65a, 
89b and 93b) show complete suppression of their original metJ mutation 
by the amber suppressor sus’, and therefore can be unequivocally 
classified as ambers. Comparison of the activities of two other 
methionine biosynthetic enzymes (Table 4) confirms the classification 
of these three mutants as ambers by their efficient suppressibility. 

Since some of the metJ mutants previously identified as amber 
(on the basis of the ethionine plate test) showed only partial decrease 
in specific activities in the presence of 680psu3* amber suppressor, 
spontaneous su’ derivatives were obtained in order to eliminate the 
possible interference by 480 phage with ethionine uptake. The sut 
derivatives were selected as simultaneous revertants to the trp’ lac 
phenotype and tested for A tone the growth of T4 amber. Approximately 
ten su’ revertants for each of three different apparent amber metd 
strains were tested for sensitivity to ethionine; however the response 


was always non-uniform, i.e. among the su’ revertants for a mutant 
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TABLE 3 - Identification of true amber mutations among various 
apparent amber metJd mutants by comparison of enzyme activities 
in the presence or absence of an amber suppressor (80psu3t 


Relative specific activities | Identification 


B-cystathionase} ATP:L-methionine 
S-adenosyltrans- 
ferase 


Strain 


wild type NR274 
NR274 (80psu3*) 


64b " 
64b (80psu3" ) 
65a is amber 
65a ($80psu3" ) 


71la p 
71a (o80psu3" ) 


7 2b 7 
72b (¢80psu3° ) 


76a 
76a ($80psu3" ) 


78b } 
78b (o80psu3" ) 


85a 
85a (80psu37 ) 


87a 

87a ($80psu3” ) 
89b amber 
89b (480psu3” ) 


93b amber 


93b ($80psu3” ) 


The enzyme activities of the mutants are expressed relative to wild 
type which is taken as 1.0. The activittes of the ¢80psu3* lysogens 
are expressed relative to NR274 (¢80psu3+) enzyme level which is 


taken as 1.0. 


Increase in absorbance at 412 nm of 0.138 per min per mg protein. 
Increase in absorbance at 412 nm of 0.178 per min per mg protein. 
10.5 umoles S-adenosylmethionine formed in 20 min per mg protein. 


b. 
Cc. ° . . 
d. 13.1 umoles S-adenosylmethionine formed in 20 min per mg protein. 
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TABLE 4 


Restoration of repression of metB and metF biosynthetic enzymes in 


metJ anber mutants carrying s80psu3™ 


Strain Relevant genotype; Relative specific activities 
Cystathionine-| 5,10 methylene- 
y-synthetase | tetrahydrofolate 
metB reductase (metF 
NR274 1.04 ha 
NR274 ($80psu3" ) 1.05 1.0 
Panay 2, metd non-amber Zelo 4.69 
51b (480psu3" ) Bethe 6.83 
65a metd amber 128 S76 
65a ($80psu3*) | 0.6 0.65 
89d metd amber 2.46 Tt 
89b (480psu3" ) 0.72 10 
93b metd amber 4.94 4.52 
93b ($80psu3" ) 0.97 0.98 


The enzyme activities of the mutants and their lysogens are expressed 


relative to the wild type level which is taken as 1.0. 


a. Decrease in absorbance at 340 nm of 1.9 in 20 min per mg protein. 


b. 0.24 nmole formaldehyde formed in 30 min per mg protein. 
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there were both ethionine-sensitive and resistant colonies. This was 
interpreted to mean that some of the su’ revertants acquired suppressor 
tRNAs which inserted amino acids not capable of restoring wild type 
mety activity thus producing ethionine-resistant phenotype. Those 
su’ revertants which were ethionine-sensitive retained their original 
metJ mutation which could be transduced into another strain. Consequently 
these ethionine-sensitive su’ strains were used to compare their enzyme 
levels with those of the original mutants. The results are shown in 
Table 5. Only in the case of strain 71a su’ could the ethionine- 
sensitive phenotype be explained in terms of considerable decrease in 
enzyme activities. Su’ derivatives of the other two apparent amber 
metJ mutants (78b and 85a), although also ethionine-sensitive on 
plates, displayed no change in enzyme levels. 

All of the metJ mutants isolated thus far have been found to 
be recessive to the wild type allele. The only exception is a Salmonella 
mutant cited by Chater (1970) which in a partial diploid state showed 
slightly elevated enzyme activity as compared to the wild type. There- 
fore the metJ mutants derived from NR274 were examined for their 
dominance. Recipient strains carrying various metJ alleles were mated 
with F'l4 which contains a wild type copy of the metJ gene. Recombinants 
were selected on minimal medium so that only those colonies which 
received F'14 would become ilv” and arg: and would grow. These mero- 
diploids were then tested for ethionine-sensitivity and five of them 
(four metJ anber mutants and one 53b non-amber) displayed full ethionine- 
resistance suggesting the possibility that these were dominant mutations. 


Table 6 compares the enzyme activities of these partial diploids with 
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TABLE 5 


Comparison of enzyme activities of some metJ mutants 


with their su’ derivatives of Spontaneous origin 


Relative specific activities 
ATP:L-methionine 
B-cystathionase| S-adenosyltransferase 


Strain Relevant genotype 


NR274 = |metat eths 1.0° 1.0? 
NR274 su’ |mets” su* ethsS 0 1.0 
71a metd ethR res | 2.88 
71a su’ \|metd su’ eths 5.08 0.8 
28D metd ethR 11.25 2.8 
78b eu’ \mety su’ eths 12.67 i 
95a mets ethR he13-0 2033 
85a Bu metd aye ethS 15a! 2.85 


The enzyme activities are expressed relative to the wild type level 


which is taken as 1.0. 


a. Increase in absorbance at 412 nm of 0.129 per min per mg protein. 


b. 9.8 umoles S-adenosylmethionine formed in 20 min per mg protein. 
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TABLE 6 


Dominance test for metJ mutants 


Strain Relevant genotype 
NR274 

F'14/NR274 |F mets” /metd* 
80a 

F'l4/85a  |F metd’ /metJ85a 
7 2b 

F'14/72b | F mets” /metd72b 
Vid 

F'14/71a = |F metd® /metd71a 
65a 

F'l4/65a. \F mets’ /metJ65._, 
53b 

F'14/53b |F mets” /metd53b 


The enzyme activities of haploid mets mutants are expressed relative 


to the wild type (NR274) level which is taken as 1.0. 


The enzyme activities of partial diploids heterozygous for metJ are 


expressed relative to enzyme level of the wild type diploid F'14/NR274 


which is taken as 1.0. 


fo oe om: 
e e e e 


ZR 


Relative specific activities 
ATP:L-methionine 
B-cystathionase |S-adenosyltransferase 


Le 
He 


Increase in absorbance at 412 nm of 0.138 per min per mg protein. 
Increase in absorbance at 412 nm of 0.115 per min per mg protein. 
10.5 umoles of S-adenosylmethionine formed in 20 min per mg protein. 
6.53 umoles of S-adenosylmethionine formed in 20 min per mg protein. 
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the wild type strain also in a diploid condition. Only one strain, 65a, 
is significantly derepressed and therefore certainly dominant over the 
wild type. Surprisingly, this is also one of the metJ alleles that was 
previously identified as an efficiently suppressible amber. Strains 

o3b and 72b show moderate derepression, perhaps enough to cause 


ethionine-resistant phenotype. 


metK amber mutants 

All of the apparent amber ethionine-resistant mutants were 
checked for cotransduction of ethionine-resistance with the serA 
gene in order to identify amber metK mutants. The transduction 
results (based on 100-150 colonies) are shown in Table 7. Mutants 
identified as metK were present among the ambers isolated from both 
NR274 and CSH4 strains. The cotransduction frequencies with serA 
vary from 12% to 38% for different strains. This broad range of 
frequencies is consistent with the observation made by Maas (1972), 
that depending on the size of the colonies picked, the linkage between 
serA and metK is anywhere from 10% (large colonies) to 50% (small 
colonies). | 

The levels of B-cystathionase and S-adenosyltransferase were 
determined in all of the amber metK mutants. The amount of 
S-adenosylmethionine produced was estimated by TLC for CSH4 derived 
mutants, and by BioRex-70 separation for NR274 mutants (as described on 
pages 16-17). All mutants showed reduced levels of ATP:L-methionine 
S-adenosyltransferase (Tables 8 and 9) in the presence of anber 


suppressor, thus confirming the mapping data. However, only four strains 
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TABLE 7 


Mapping of metK amber mutants 


Strain % cotransduction of 
ethionine-resistance 
with serA 


wild type NR274 
metK41la 
metK42b 
metK43q 
metK44q 
metK45a 
metK48q 


metK77a 


wild type CSH4 
métK1018 
méetK1152 


metK1154 


metK1168 
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TABLE 8 


Enzyme activities of CSH4-derived metK mutants in the 


presence and absence of »80psu3* 


Strain Relevant Relative specific activities 
genotype ATP:L-methionine 
S-adenosyltransferase| 8-cystathionase 

CSH4 , EERE 1.0° 
CSH4 (¢80psw3” ) 1.0 
1042 ns metK non-amber ri | 
1042 ($80psu3" ) | rece 
1018 Z metK amber P32 
1018 ($80psu3" ) 0.94 
Diée, a metK amber PAE 
1152 ($80psu3" ) 0.9 
1154 - metK amber eats: 
1154 ($¢80psu3" ) 0.88 
1168 n metK amber ee GS 
1168 ($80psu3° ) 0.95 


The enzyme activities are expressed relative to the wild type level 


which is taken as 1.0. 


a. 77.2 nmoles S-adenosylmethionine formed in 30 min per mg protein. 


b. Increase in absorbance at 412 nm of 0.17 per min per mg protein. 
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TABLE 9 


The levels of 8-cystathionase and S-adenosyltransferase in 


NR274-derived metK mutants in the presence and absence of ¢80psu3™ 


Strain Relative specific activities 
ATP:L-methionine 
S-adenosyltransferase 8-cystathionase 


wild type NR274 iM0s 
NR274 (¢80psu3 ) 1.0° 
4la = 0. 2.9 
41a (80psu3° ) ie 2253 
42b is 0. 3.4 
42b (80psu3" ) 0. sae 
43a i 0. 2.4 
43a (80psu3" ) 0. 8 
44a zi 0. 2.35 
44q (¢80psu3" ) 0. 220 
77a 4 0. 2.9 
77a ($¢80psu3’ ) . a4 


The enzyme activities of the mutants are expressed relative to wild type 
level which is taken as 1.0. The enzyme activities of ¢80psu3” lysogens 
are expressed relative to wild type NR274 (s80psu3" ) lysogen level which 


is taken as 1.0. 


a. 9.8 umoles S-adenosylmethionine formed in 20 min per mg protein. 
b. 12.75 umoles S-adenosylmethionine formed in 20 min per mg protein. 
c. Increase in absorbance at 412 nm of 0.135 per min per mg protein. | 


d. Increase in absorbance at 412 nm of 0.18 per min per mg protein. 
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(all derived from CSH4) had their metK enzyme activity fully restored 
in the presence of ¢80psu3” (Table 8) and could be considered true 
amber mutants. The rest of the metK mutants (also sensitive to 
ethionine when lysogenized by $80psu3" ) did not exhibit any change 

in their enzyme levels in the presence of ¢80psu3” (Table 9). 

Since the possible effects of lysogeny on the permeability 
of the membrane (which may have influenced the behavior on ethionine 
plates) could not be ruled out, spontaneous su’ derivatives of various 
metK mutants were isolated. Their response to ethionine was similar to 
that of the spontaneous su’ derivatives of mets discussed earlier. Only 
those with ethR phenotype suppressed to ethS in the presence of sue 
were selected for biochemical analysis. The enzyme activities of 
metK su® ethR parents and their metK su’ ethS derivatives are compared 
in Table 10. Strains 47a and 42b had S-adenosyltransferase levels 
increased in the presence of su’, but the 8-cystathionase levels 
remained derepressed. Ethionine-sensitive su’ derivatives of two 
other metK mutants (43a and 44a) showed no change in their enzyme 
activities. Thus it is not clear whether the presence of the su’ allele 
is responsible for ethionine-sensitivity, nor whether it has any 
suppressing effect on the metK mutations. 

S-Adenosylmethionine, the product of the reaction catalyzed by 
the metK enzyme, is involved in the biosynthesis of polyamines. Two 
other genes, speA and speB,are also involved in the polyamine 
biosynthetic pathway and map close to the metkK gene (Maas, 1972). Maas 
proposed that this clustering of functionally related genes may suggest 


the existence of an operon concerned with spermidine biosynthesis. 
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TABLE 10 


Specific activities of metK mutants and their su’ derivatives 


Strain 


NR274 
NR274 su™ 


of spontaneous origin 


Relevant 
genotype 


metK ethsS 


metk’ su’ ethS 


metK 
metK 


metkK 
metK 


metK 
metK 


metK 
metkK 


ethR 
su’ ethsS 


ethR 
su’ eths 


ethR 
su’ ethS 


ethR 
aie ethS 


Relative specific activities 
ATP:L-methionine 


S-adenosyltransferase 8-cystathionase 


1.0? 


120 


The enzyme activities are expressed relative to the wild type level 


which is taken as 1.0. 


a. 9.8 umoles S-adenosylmethionine formed in 20 min per mg protein. 


b. Increase in absorbance at 412 nm of 0.129 per min per mg protein. 
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This would mean that some of the nonsense mutants defective in metK 
enzyme may not necessarily be located in the structural gene for 
S-adenosyltransferase, but could be strongly polar mutations in a 
neighbouring gene. 

Two amber metK mutants (1168 and 1168) showing the lowest 
enzyme activity were combined with the polarity suppressor sud by 
transducing the metK strains to ilv’ with Pl grown on 333sud2 strain 
(see Materials and Methods). The sud gene is cotransductible with zZv 
with a frequency of approximately 60-80% (Morse et al., 1970) but 
Since the presence of the sud allele could not be identified in the 
transductants due to lack of suitable polar mutation, two hundred ilv* 
colonies were randomly purified and tested for erimenineesensitivitys 
If the mutation was in the actual metK gene, the presence of the suA 
allele would change neither the ethionine-resistant phenotype nor the 
low enzyme activity. However, if it was a polar mutation next to the 
metK gene, its function might be restored and phenotype reverted to 
ethionine-sensitivity. Both of these mutants in a sudA background 
remained ethionine-resistant indicating that the observed reduction 
of S-adenosyltransferase activity in these mutants is probably not 


caused by a polar mutation in an adjacent gene. 


Other amber ethtonine-resistant mutants 

Of the twenty-four amber mutants isolated in strain CSH4, 
twenty were not cotransductible with metB, serA or metA loci. 
g-Cystathionase and S-adenosyltransferase levels were determined in 


all of them (Table 11). The majority of the mutants showed slightly 
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TABLE 11 


g-Cystathionase and S-adenosyltransferase levels in CSH4-derived 


amber ethionine-resistant mutants unlinked to metB or serA loci. 


Strain Relative specific activities 
ATP:L-methionine 
B-cystathionase | S-adenosyltransferase 


wild type CSH4 im 1.0° 
1016 O* 0.35 
1038 0. 0.64 
1046 in 0.55 
1060 0. 0.38 
1062 0. 0.40 
1065 88 1.70 
1070 1. 0.35 
1483 i; 0.46 
1114 UO; 0.58 
q727 ey 0.45 
1129 0. 0.36 
19 30 0. 0.41 
TT Oe ( 0.90 
1138 Oe 0.70 
1141 1. 0.90 
1146 1: 1.30 
VG Es Wie 0.45 

0. 0. 

0. 0. 

0. 0. 


Specific activities are expressed relative to the wild type level 


which is taken as 1.0. 


a. 


b. 


Increase in absorbance at 412 nm of 0.17 per min per mg protein. 


77.2 nmoles S-adenosylmethionine formed in 30 min per mg protein. 
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reduced S-adenosyltransferase activity accompanied by a slight decrease 
in the levels of g-cystathionase. The enzyme activities of mutant 1065 
appear to suggest a metJ type of mutation, whereas such activities of 
mutant 2070 imply a metK type of mutation; however, transduction 
mapping failed to localize these mutants in the metJ and metK genes 
respectively. 

Resistance to ethionine could theoretically be conferred by 
altered or defective methylating enzymes. Since methylation is one of 
the major routes for methionine utilization, a deficiency or blockage 
in that process could lead to elevated internal pools of methionine 
and cause ethionine-resistance. A mutational alteration of a methylase 
would probably be reflected in the degree of nucleic acid methylation. 
In order to test this hypothesis bulk RNA was extracted from these 
strains and used as a substrate for methylation by an enzyme extract 
prepared from the wild type parent strain CSH4. As shown in Table 12, 
there is no indication of the presence of undermethylated RNA in any 
of these mutants. 

Mutants defective in the transport system have been isolated 
by selecting analogue-resistant colonies (Schwartz et aZ., 1959). In 
these strains specific permeases are altered so that they no longer 
transport the inhibitor into the cell. From the studies of Piperno. 
and Oxender (1968) it appears that L-ethionine effectively competes with 
the methionine specific uptake system. Kadner (1974) found that 
ethionine did not inhibit (or only to a very small extent) the low 
affinity (X = 40 uM) methionine permease but he did not report any 


data with respect to the high affinity system (Kp = 0.1 uM). Therefore 
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TABLE 12 


Methyl acceptor activity of bulk RNA from amber ethionine-resistant 


mutants unlinked to metB or serA loci 


Strain 
wild type CSH4 0.60 
metB rel X341 49.20 
dam dem GM-48 0.78 
1016 0.48 
2088 0.49 
1046 0.58 
1060 0.60 
1062 0.58 
1066 0.60 
1070 0.40 
1113 0.45 
111¢4 0.55 
Lb27, 0.41 
1129 0.56 
L160 0.65 
iTiRy 0.69 
1138 0.42 
1141 0.60 
1146 0.45 
12 64 0.58 
1166 0.60 
DL AL 0.60 
Di74 0.50 


a. Methyl acceptor activity is expressed as nmoles 3H-methyl group 


transferred in 15 min per Aggo unit of bulk RNA. 


X341 is a fully undermethylated RNA control. 
GM-48 has no methyl-cystosine and only 15% methyl-adenine in DNA. 
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the possibility of a mutation in the transport system was examined. 

Uptake of !4*C-methionine at a concentration of 0.8 aM by 
chloramphenicol-treated cells was measured at 30 sec intervals for 
3 minutes. Strain 705-12,previously shown to be defective in L-ethionine 
uptake (unpublished observations of E. Holowachuk),was used as a control 
for the experimental conditions and displayed a considerably reduced rate 
of methionine entry (28 pmoles versus 82 pmoles taken up by wild type per 
10® viable cells after 3 minutes of incubation). Four strains viz., 
metK1018, metK1152, metK1154 and ethR mutant 2038 showed significantly 
reduced rates of methionine uptake (Fig. 3), whereas the behaviour of 
the other amber mutants did not differ from the parent strain (data not 
presented). The transport system was fully restored when the four 
strains were suppressed by $80psu3* Gerke, GA 

Since three of these low uptake strains have already been 
identified as defective in the metK gene product, it became apparent 
that they may not be true permease mutants. G. Ames (1964) pointed out 
that the majority of false permease mutants turn out to be excretors 
of the amino acid tested and she found that these are quite common among 
analogue-resistant strains. Kadner (1975) has also reported 
that both high and low affinity methionine transport systems are 
inhibited by increased internal pools of methionine. Consequently 
these low uptake mutants were tested for excretion of methionine. 

The cells were grown in minimal medium under the same conditions 
as for previous assays (see Materials and Methods), centrifuged and the 
supernatant fluid from CSH4 as well as minimal medium (no methionine) 


used as controls. The number of pmoles of !4*C-methionine transported 
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pmoles “C-methionine / 10 viable cells 


Figure 3. 


30 CSH4 « 


20 


TIME (min) 


Comparison of 14*C-methionine uptake by wild type cells 
with the uptake by amber metK mutants (1018, 1152, 1154) 


and ethR1038 mutant. 
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pmoles C-methionine / 10° viable cells 


Figure 4. 


20 | 


TIME (min) 


Time course of !"C-methionine uptake by wild type cells 
and by amber mutants vtz., metK1018, 1152, 1154, and 


ethR1038 in the presence of ¢80psu3" . 


ag 
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in 3 minutes per 10° viable cells for each of the supernatants tested is 
presented in Table 13. The inhibitory effects of the supernatant fluids 
from the mutants are quite dramatic and most likely due to methionine 
excretion. The reduced transport of !4C-methionine is probably a result 
of dilution of the labelled material by the excreted non-labelled amino 
acid. As Ames (1964) points out, excretor mutants could be defective in 
the permease system if it was involved in retention of substrates inside 


the cell or in the efflux reaction. 
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TABLE 13 


Uptake of !4C-methionine by wild type CSH4 cells in the presence 


of culture supernatant from various ethionine-resistant mutants 


Supernatant added 


Methionine uptake® 


CSH4 minimal medium 31 
CSH4 CSH4 30 
CSH4 metK1018 AES 
CSH4 metK1152 6.0 
CSH4 metK1154 20 


ethR1038 


Methionine uptake was measured using chioramphenicol-treated CSH4 
cells to which 0.5 ml of supernatant fluid from suspected methionine 


excreting strains was added. 


a. Methionine uptake is expressed in pmoles !4C-methionine 


transported in 3 min per 108 viable cells 
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DISCUSSION 


Spontaneous mutants of Z. colt resistant to DL-ethionine were 
isolated from two strains, NR274 and CSH4, both bearing amber mutations 
in the Zae and trp operons. These mutants were subjected to a screening 
procedure using su3’ carried on 680 phage and only those which contained 
amber-Suppressible ethionine-resistant mutations were used for further 
investigation. 

Lawrence et al. (1968) reported a distinct pattern of resis- 
tance to methionine anaiogues displayed by mutations in various genes 
involved in methionine regulation or biosynthesis. Thus in Salmonella 
the mets mutants were resistant to ethionine only, the metr (later 
called metA) to both ethionine and a-methylmethionine, and the metx 
mutants exhibited resistance to ethionine, norleucine, and a-methyl- 
methionine. This pattern of resistance was used as the criterium for 
the identification of mutants in Salmonella. However, when norleucine 
and a-methylmethionine were tested for growth inhibition of the amber 
mutants in £. colt no consistency was found and later classification 
of these mutants confirmed that the analogue-resistance pattern was 
unreliable for the purpose of identification. Consequently all of the 
amber mutants had to be identified by transduction mapping. 

Out of the forty-one amber ethionine-resistant mutants isolated, 
ten were classified as metd on the basis of transduction frequencies 
(92-98%) with the metB gene. As expected, all of these strains exhibited 
derepressed levels of g-cystathionase (5-14 fold) and s-adenosyltransferase 


(2-3 fold) confirming the conclusion that the metJ locus affects the 
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regulation of both these enzymes (Table 3). 

Three of the metJ amber mutants (65a, 89b, 93b) showed com- 
plete restoration of wild type levels for four methionine enzymes 
(Tables 3 and 4) in the presence of amber suppressors. Thus the amino 
acid tyrosine, incorporated in response to amber codons in these mutants, 
was suppressing the mutations with high efficiency. These mutants 
provide clear evidence that the metJ gene codes for a protein involved 
in repression of the methionine pathway. The levels of derepression 
for g-cystathionase in mutants 89b and 93b are quite similar (relative 
specific activities of 11.87 and 10.55 respectively), whereas mutant 
65a is only half as derepressed. 

No conclusion regarding the existence of one or more trans- 
cription units for the metB-J-F region can be drawn. The metJ gene is 
located in the middle of the metB-J-F gene cluster, and therefore it is 
Perectciictat nonsense polar mutations in the metJ gene would produce 
methionine auxotrophy and as such would not be detected by the selection 
procedure. Thus if the metB-J-F region is transcribed as a unit, the 
amber mutants must be weakly polar and should map close to one end of 
the gene. 

The original description of the metJ gene product being a 
diffusible molecule was based on the recessive character of metJ mutants 
in een acted: That finding did not rule out the possibility of 
existence of trans-dominant constitutive mutations. Several metdJ 
mutants were tested for trans-dominance, first by the ethionine inhibition 
test, and then by the enzyme assays. One mutant (metJ65a,.__ ) was found 


to be significantly derepressed for the metC and metK enzymes in spite 
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of the presence of a wild type mets allele (Table 6). This can be 
interpreted as evidence for an oligomeric structure of the metJ 
protein. The dominant amber mutant produces a unique polypeptide 
fragment. This fragment forms defective subunits that make up the 
repressor molecule, and when these subunits are mixed with normal ones, 
they are capable of inactivating the wild type polypeptides giving rise 
to a non-functional repressor. Another possibility is that the nonsense 
mutation is very close to the N-terminal sequence of the metJ gene and 
a "restart" fragment is formed which has enough subunit structure to 
become incorporated into the oligomeric repressor. According to this 
scheme, if the N-terminus is important for operator-binding activity, 
this hybrid repressor will be non-functional (as it is in the Zac 
operon; Granem et al., 1973). | 

The rest of the metJ mutants, all of which were originally 
classified as ambers on the basis of their ethionine phenotype, did not 
exhibit significant decrease in enzyme activities when assayed in the 
presence of sus” (Table 3). Most of the strains have from 10% to 40% 
lower 86-cystathionase activity when in the suppressed state, which may 
account for their ethionine-sensitive phenotype. Sut gene is probably 
quite inefficient in suppressing these mutations and the degree of 
restored regulation reflects the efficiency of suppression. Conclusive 
information could have come from testing various suppressor tRNAs for 
better efficiency of suppression as well as from titering the ethionine- 
sensitivity and correlating it with the enzyme data. For instance, it 
is possible that efficiently suppressed mutants would display a high 


degree of sensitivity to ethionine as well as repressed enzyme levels, 
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whereas inefficiently suppressed mutants would still have considerable 
derepression of enzymes and be sensitive only to the highest concen- 
tration tested (3 g/1). 

Among the ethionine-resistant mutants classified as ambers 
by the 680psu3" Suppression test, eleven were found to have ethionine- 
resistance cotransducible with the serd locus. All of these 
Strains showed low S-adenosyltransferase activity indicating that the 
mutation probably affected the metK gene (Tables 8 and 9). Since some 
mutants were assayed using the TLC method and others using the BioRex-70 
technique, their specific activities cannot be directly compared. In 
the BioRex-70 method higher concentrations of methionine were used and 
therefore mutants with an altered km for methionine RoddG give higher 
enzyme activities than by the TLC procedure. Nevertheless, the two 
strains with the lowest metkK activities (7152, 1168), by both methods 
showed only 2% or less of the wild type enzyme levels. 

The internal pools of SAM have been implicated in methionine 
repression (Greene et aZ., 1970) due to the fact that mutants defective 
in S-adenosyltransferase displayed elevated levels of methionine bio- 
synthetic enzymes. However, in the case of the amber metK1018, 1152; 
1154 and 1168, g-cystathionase activity was very close to normal, which 
is surprising since two of these mutants show almost negligible s-adenosyl- 
transferase activities. A plausible explanation comes from the fact 
that three of these mutants were excretors of methionine (as identified 
by the uptake assays) and it has been demonstrated by Holloway et al. 
(1970) that g-cystathionase is usually least derepressed of all the 


enzymes when cells are grown in the presence of methionine. So it 
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appears that the metC enzyme may not be the best choice for determining 
the levels of derepression in strains which overproduce or accumulate 
methionine. 

The results obtained using the polarity suppressor swA seem to 
Suggest that the mutations which show almost no metK enzyme activity 
(1752, 1168) are probably localized in the structural gene for s-adenosy1- 
transferase. However, this conclusion has not been proven rigorously. 
One could also look for thermolability of S-adenosyltransferase since it 
is possible that the suppressed enzyme would be more heat labile than the 
normal enzyme indicating that the mutation occurred in the structural 
gene. 

The existence of amber mutations with no S-adenosyltransferase 
activity indicates that there must be another route by which SAM is 
produced, otherwise these mutations would be lethal. Such a pathway 
has been postulated by Hobson and Smith (1973) and there is some evidence 
for the formation of SAM from S-adenosylhomocysteine in yeast (Duerre and 
Schlenk, 1962). If SAM is really the corepressor in methionine bio- 
synthesis it would be necessary to assume that only the product of the 
metK gene is fovea in regulation and not the SAM produced via another 
pathway, or possibly that pathway produces low amounts of SAM so that it 
is available for methylation only. On the other hand, it is conceivable 
that S-adenosylmethionine is involved in feedback inhibition of the metA 
enzyme and it is the S-adenosyltransferase which plays a role in 
repression. 

Several mutants assigned to the metJ and metK classes and 


identified as having amber-suppressible ethionine phenotype did not 
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exhibit any change in their enzyme activities in the presence of sus’. 
Spontaneous su’ derivatives were obtained for some of these mutants 

and tested for ethionine-sensitivity. The ethionine-sensitive deriva- 
tives were assayed for the metC and metK enzymes, but most of them did 
not show a significant change in their enzyme levels in order to 

explain the ethionine-sensitivity. It is possible that g-cystathionase 
and S-adenosyltransferase were not the best choices and if all the other 
enzymes were assayed there would be one or more with repressed activity 
which could be rate limiting. In this case suppression would restore 
only partial activity of the repressor and corepressor complex so that 
it would recognize some but not all of the operator sites. Nevertheless, 
caution should be exercised when attempting to correlate the enzyme 
levels with the ethionine phenotype. It appears clear that this may 
lead to erroneous conclusions. For instance, in the case of amber 
mutants resistant to ethionine, the classification appears unreliable 
unless biochemical evidence is presented. 

A third class of amber ethionine-resistant mutants was also 
isolated. These mutants do not belong to any previously described 
category. Their levels of g-cystathionase and S-adenosyltransferase 
are not significantly different from those in the wild type (Table 11) 
and they do not appear defective either in methionine uptake or in 
methylation of RNA. However, there were weaknesses in both the uptake 
and the methylation experiments. It is difficult to conclude that the 
ethionine specific transport mechanism has not been pened since only 
labelled methionine was tested and so far there is no direct evidence 


that both compounds use the same permease system. With regard to the 


- 
H ' ; q _ a 
>> anuecet Std at BSP MiSs, oeyane hens ni spnsrts 
2 . , 4 = oP: es , 
aciom B29hd Fo sane Ve? ben! ards. ered, caves aviv. i aes 2 
“eh guistsisa-aniotnies sit .\ rvs Petes-6 stage tot. ete 
atid YO 2200 Jud | See Reon bos Deere acd oO:  beesezs8 9 


a 3) fms i ae 
watery nT. Lepivta f gre ite «Par nm? SpNHNS naar rm he 6 we 
' “J ‘ f a 
iizeca ci 3) jw. wotvifanes-cringint? ana Af ; 
=e 
fu ot eet hee A oF eT aed 
6%? ine ceobonla Bead ofF Sea StSW- See ean 


eS ; ore 
; ' t is bweeel+ heres oath ie 
bazeayaa’ Gifw Sam VG 20 fa o-UON ray payseds 3 (GW 7 SNS 


{3 - 7 1 a a 
- 7 wreak + "s a 4 
> Ls a Di 17h alee se OGii2 4 ia Fi Sitat 2) a Ay iG 
E + to vteviso 
ger f cite: YOS2EO 1G bi ’ 5 J yr YY lw 
rye. .zadte sodercan off to | /s 208 Ind smo2 SH PipOoeT om 
’ 2 
‘ * ‘igh tes 
wens. oft sdytarion of ontianeits ‘nétw beelovexs. ot whe 
Aloe & * s ~~ @ . — , = 
<a 
we = Fu wis rect 2 hays eo + 3g * em df , dade +3 old Aoi 
‘ ~ be ‘ * - P ‘s a ; - r 7” : 
ade 0 S@h). 3 2 ot. pone ‘a. 26 t2 i Was CHODRO VTS: Me 
y - : $ 


: ord at sarebtve f6ahmat 4g 
r ; i 
oT deel aietag: Segiered ison hbhess “gales, 1. 24 ner 
his 
be Lis DeaD vig Stivers vie OF gpefod 4 iy ob eisus ie: woot. 


J ‘ em : if q 7 i. : ; ; en : 
arare tenendigenkehes® bre sama cieys-+1 19 elevel ated | 


({{ elds?) equ? bifw ont nf sagas iaort inee stip elansott weed 
ii 4o s8e8qu Gnbnotiiom vt verlteav Joe%sh. see ae a vb % 


% 
7 H a 
1p 


i ~~ va - Soe | r 
i P : a. 2 a * = ai es 4 ' ; 
etedqu ote adod af caebaades viet arent i Lt us : 


: ? <.: 
__ i dada abu) ateo of, Ayos vite a ise site 


“eno ponte bores fi read # ton ai setomions eetaaail 


on 


48 


methylation assays, unless a gross undermethylation of one of the RNA 
species was present it would probably not be detected using bulk RNA 
preparations. One of the unclassified mutants (7038) was identified 
as an excretor of methionine when tested for defective methionine 
uptake (Table 13). The excretion of methionine in this mutant is 
probably responsible for its ethionine-resistant phenotype. It is 
possible that all of the other unclassified mutants had elevated pools 
of methionine (although they did not excrete it) and therefore acquired 
ethionine-resistance. On the other hand, these strains may have a 
more efficient degradation mechanism for ethionine than the wild type 
cells. 

In conclusion, these studies demonstrate that (1) the mets 
gene codes for a repressor protein, most likely oligomeric, which 
regulates the expression of the methionine genes, (2) this repressor 
probably interacts with S-adenosylmethionine which is normally produced 
by the metK gene, (3) there may be an alternative pathway for S-adenosyl- 
methionine production or a different methyl donor may be utilized, and 
(4) an additional class of mutants exists in which ethionine-resistance 
is conferred by a mechanism that may not be directly related to 


repression. 
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